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Stability constants (Iog II value) of (a) I: 2, 1: 3 and 1: 4 (metal-Ilgand) complexes of Cd(II)
with isopropanolamine, (b) 1: 1 and 1: 2 complexes with diisopropanolamine and (c) 1: 2
and 1: 3 complexes with N-hydroxyethylethylenediamine have been calculated from the polaro-
~raphic data and the values are found to be (a) 4·34,5·50,5'90, (b) 2'62, 4·45and (c) 9·1,10·1respec-
tively. The reduction of triisopropanolamine complexes was irreversible and no mixed hydroxy
complexes are formed under the experimental conditions adopted. The structure of the com-
plex species formed in solution has been discussed on the basis of stability constants. It is
preferable to formulate the mixed hydroxy complexes of metals with alkanolamines such as
Cd(MOH)2(OH). (MOH = monoethanolamine) contalnlng the ionized alkanolamine ligand,
i.e. Cd(MO).(H.O)s-
THOUGH a fair amount of polarographic workhas been carried out on the complexes ofCd(II) with mono-, di- and tri-ethanol-
amines':+, similar studies on the complexes of Cd(II)
with other alkanolamines are lacking. In this paper
results of polarographic investigations on the nature
of complexes of Cd(II) with isopropanolamine,
diisopropanolamine, triisopropanolamine and N-
hydroxyethylethylenediamine are reported. Studies
0:1 solid metal complexes of these ligands have been
reported earlier'r". Such a study is expected to
reveal the stoichiometry and stability of Cd(II) com-
plexes formed in solution and the data may be useful
to develop analytical methods.
Materials and Methods
The purity of isopropanolamine, diisopropanol-
amine and triisopropanolamine (Eastman Kodak)
and N-hydroxyethylethylenediamine (E. Merck) were
established by titration with standard hydrochloric
acid using a mixed indicator consisting of bromo-
cresol green and methyl red according to the
procedure of Siggia". The method of Critchfield and
j ormsont'' employing strong salt solutions and IR
spectra of amines provided further check on the
purity of these li.zauds. Base dissociation constants
of the amines under the required experimental con-
ditions were determined by PH titration with standard
acid. Stock solution of Cd(II) was prepared from cad-
mium sulphate and its strength was estimated by
complexometric titration. Solution of Cd(II) (25
m mole) was prepared by suitable dilution.
Polarograms were obtained manually using
ToshniwaI polarograph. Polarographic cell and
reference electrode (SeE) were kept in a thermostat
maintained at 30° ± 0.1°. Elico pH-meter was
utilized to determine the pH values. Potassium
nitrate was used to maintain ionic strength of unity.
No maximum suppressor was added as no maxima
were observed in the present work.
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Results and Discussion
Cd(II)-isopropanolamine system - The variation of
-Et with [isopropanolarnine] was studied and the
results are presented in Table 1. Reduction of the
cadmium complexes was found to be reversible. The
values of E3/4-EI/4 varied from 0·030 to 0·033 V.
Analysis of the data in the concentration range 0-03
to 1-00M of the amine indicated the formation 1 :2,
1:3 and 1:4 (metal-ligand) complexes. Stability
constants (overall formation constants expressed
as log ~ values throughout this paper) of the
complexes were calculated to be 4-34, 5-50 and 5-9
for the above complexes. Values of the stability
constants of isopropanolamine complexes of Cd(II)
are thus very close to those of corresponding
mono ethanolamine complexes- which are 4-34,
5·17 and 5·35 at 25°C in presence of 0-1M KN03,
thereby implying that the branched methyl group
offers no steric hindrance in the formation of iso-
TABLE 1- VARIATION OF --Et WITH [ISOPROPANOL.-\:.lINE]
IN C(l(II)-IsOPROPANOLAMINE SYSTEM
[Isopropa olarni. "I
.\1
-El
(vs :".CE)
V
pH
0·030
0·049
0·053
0'09S
0·143
0·200
0'244
0·300
0'500
0'700
1·003
9·45
9·44
9'';'3
9·44-
9·44
9·45
9·43
11·0
11'1
11'23
11·3
0'626
0'640
0·648
0·li58
0'673
0·685
0'094
0·710
0·734
0·750
0·766
pK of isopropa-iolamirc = 9·45.
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propanolamine complexes. It is interesting to note
that cadmium a-alaninate complex (log ~2= 7·50)
is less stable than cadmium glycinate complex
(log ~2 = 8·08) where a similar variation in the
structure of the ligand is noted.
Cd(II)-diisopropanolamine system - In this system
the waves were found to be reversible and the -E!
values increased with increasing [amine] in the range
0·03 to 1·00M. The presence of 1:1 and 1:2 (metal-
ligand) complex species is indicated in solution.
Th- stability constants are found to be 2·62 and 4·45.
Thus the cadmium complexes with diisopropanol-
amine are slightly more stable than the corres-
ponding diethanolarnines complexes (log ~l and 106'
~2' 2·+7 and 4·11 respectively). The 1:2 complexes
of isopropanolamine and diisopropanolamine are
approximately of the same stability, implying
that the additional -OH group does not confer
additional stability to the complex. However, there
is no evidence for the formation of complexes having
stoichiometry greater than 1:2 up to l'OM of
diisopropanolamine. Spectral data on solid complex
of Ni(Il) containing two moles of diisopro-
panolamine indicated octahedral geometry. A similar
structure is possible for the Cd(Il) complex in
which the ligand exhibits tridentate nature. Since
stability constant data does not show any
additional stability it is likely that the metal
is coordinated by water molecules along with the
amine in solution.
Cd (II)-triisopropancla,nine system - The polaro-
graphic waves were found to be irreversible and the
values of E3/4-El/4 ranged from 0·060 to 0·100 V.
Since the irreversibility varies with [ligand] it was
not possible to determine the composition of the
complexes. Irreversibility in the reduction of
triethanolamine complexes of Cd(Il) has also been
reported by Subrahmanya".
C~l(II) - N - hydroxyethylethylenediamine system-
Experiments similar to those conducted in the earlier
systems indicated that the reduction was reversible
and the values of E3/4-E1/4 are about 0·033 V, in all
the cases. Analysis of the data indicated the
formation of 1 :1, 1:2 and 1:3 (metal-ligand)
complex species in solution. Stability constants
of the 1:2 and 1:3 complexes are 9·1 and 10·1
respectively. Employing pH titration technique,
Hall and coworkers+ reported 4·93 and 9·23
as log stability constants for the 1: 1 and 1:2
complexes of Cd(Il) with this ligand at 25° (:1. = 0,5,
with KN03). The values for the 1:2 complex by
the two techniques agree well considering the
variation in experimental conditions. Complexes
of N-hydroxyethylethylenediamine of Cd(II) are
considerably more stable than the corresponding
alkanolamine complexes. The additional stability
of these complexes may be attributed to the
participation of the amino and imino groups of the
ligand in chelate formation. Th : stability constants
of 1: 1, 1:2 and 1:3 Cd(II) complexes of ethylenedia-
mine are 5·63, 10·22 and 12·29 respectively according
to literature '2. The reason for the higher stability
of ethylenediamine complexes as compared to the
corresponding N-hydroxyethylethylenediamine com-
plexes may be that two amino groups participate
in chelate formation in the first system whereas
amino and imino groups are involved in the second
system.
Mixed complex formation - Since mixed hydroxy
complexes have been reported in Cu(II) ethanol-
amine systems even at pH values around 9, experi-
ments have been carried out, keeping the [ligand]
constant, at two pH values (,.....,11and ,.....,9·3)in the
present work. It was found that -E112 were con-
stant within experimental error unaffected by the
variation in pH. Thus under the experimental
conditions adopted no mixed hydroxy complexes
are formed for the Cd(II)-alkanolamine systems.
Subrahmanya, however, reported the formation of
mixed hydroxy complexes in cadmium-mono- and
diethanolamine systems, but only in the presence
of a high concentration of sodium hydroxide- (0,1-
1·0M).
Structure of the complexes - Structural work on
the metal complexes in the solid states:" indicates
that isopropanolamine acts as a bidentate ligand.
However, a comparison of stability constants of the
corresponding ammonia and isopropanolamine com-
plexes of cadmium shows that the ligand is mono-
dentate rather than bidentate in solution, the other
coordination position being satisfied by the solvent.
Migal and Serova's work! on Cd(II)-monoethanol-
amine complexes in mixtures of ethanol and water
also supports this view. A comparison of stability
constans of ethylenediamine and N-hydroxyethyl-
ethylenediamine complexes shows that the -OH
group in the latter ligand is unlikely to be involved
in coordination to the metal.
Mixed hydroxy complexes of the type Cd(MOH)2
(OH)2 (MOH =monoethanolamine) have been identi-
fied in several reports", However, the alternative
formulation Cd(MO)dH20)2 is equally possible, as
the usual techniques employed for the study of
complexes in solution like polarography, pH titra-
tions, spectrophotometry, etc. do not differentiate
between the two formulations. Since inner chelates
of the type CU(MO)2 have been isolated in the solid
state from alkaline solutions of alkanolamine com-
plexes-", the second formulation is more likely. The
large difference in the stability constants of
Cd(MOH)2(OH)~ (8·65) and Cd(MOHW (4,34) is ex-
plained better by formulating the mixed complex
as Cd(MO)2.(H20)2 since (0-) forms a stronger co-
ordinate band to the metal than (OH-). Stability
constant (log ~2 = 8·1) of cadmium gfycinate=
Cd(NH2CH~COO)2' is quite close to that of mixed
complex of cadmium with monoethanolamine. This
agreement is better explained by formulating
the latter as containing the ionized ligand
(NH2CH2CH20-). The same set of donor atoms Nand
0- are present in both the ligands in similar environ-
ment and the stability constant of the complexes
formed would be expected to be similar. As similar
trends are observed in Cu(II) cornplexes-+ of
alkanolamines it is probably better to formulate the
mixed hydroxy complexes as containing the ionized
amine ligand here also.
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